Agrobacterium rhizogenes -mediated transformation of kiwifruit (Actinidia deliciosa (A. Chev.) C. F. Liang and A. R. Ferguson) was achieved by direct formation of adventitious buds on infected petioles. Leaf explants of four cultivars (cv. 'Hayward', 'Matsua', 'Abbott' , and 'Bruno') were co-cultivated with four Japanese wild strains of A. rhizogenes (ArM 123, IFO 14555, A5 and A13). ArM 123 inoculations of the cultivars 'Hayward' and 'Bruno' resulted in 30.6 % and 16.7 % of adventitious buds formation respectively. Transformation of the adventitious buds was confirmed by opine assays and Southern blotting with 7.5 kb Eco RI-fragment of T-DNA. The direct formation of transformed adventitious buds suggests a new A. rhizogenes -mediated transformation protocol instead of hairy root induction.
. The underlying mechanism of this phenomenon is the transfer of root-inducing loci or rol genes located on T-DNA to the plant genome and the products of the rol genes probably alter the sensitivity of plant cells to auxin (Gelvin, 1990 ). In addition, some A. rhizogenes strains are able to transfer a second piece of DNA carrying the iaa M and iaa H genes, coding for enzymes involved in auxin biosynthesis (Vilaine and Casse-Delbart, 1987) . These hairy roots can be subcultured and propagated indefinitely on growth regulator-free basal media, and regeneration of transgenic plants from hairy roots has been reported in some plant species including carrot (Tepfer, 1984) , cauliflower (David and Tempe', 1988) , horse radish (Noda et al., 1987) , potato (Ooms et al., 1985) , and snap dragon (Handa, 1992) . However, in some plant species such as grape, plant regeneration from hairy roots was unsuccessful (Guellec et al., 1990) . Two studies on rol gene transformation of kiwifruit (Actinidia deliciosa) have been reported.
Transgenic plants were regenerated from leaf disc callus induced by NAA and BA (Rugini et al., 1991) and hairy roots were induced on growth regulator-free medium (Yazawa et al., 1992 (Fig. 2B) . However, some of the plant lines showed dwarf and wrinkled leaves (Fig. 2C) . Rooting ability of these plant lines on MS medium was as high as untransformed kiwifruit (almost 100 %, data not shown), and even dwarf ones showed tremendous roots.
All of the plant lines obtained from direct-adventitious buds were studied for opine assay. One example is shown in Figure 3 influenced by Agrobacterium strains and plant cultivars. This demonstrates the obvious importance of Agrobacterium strain/host species interaction, as previously reported for many species (Holford et al., 1992; Owens and Cress, 1985; Smarrelli et al., 1986) .
A. rhizogenes -mediated transformation of kiwifruit has been reported by regenerating transformed plants from callus (Rugini et al., 1991) or hairy roots (Yazawa et al., 1992) . In the present experiment, however, only adventitious buds regenerated directly from infected leaf explants without hairy roots or callus formation. Different explants, hypocotyl of kiwifruit seedings used by Yazawa et al. and leaf section used in this experiment, may be one of the reasons for different results. The phenomenon that adventitious buds regenerated directly from A. rhizogenes -inoculated explants has been noted previously in the inoculation of A. rhizogenes on horseradish (Armoracia lapathifolia) (Saitou et al., 1991) . In this case, adventitious roots and/or adventitious buds appeared on the inoculated site. The adventitious roots, and adventitious buds regenerated from these roots were proved to be transformants. However, no emphasis was put on whether the direct adventitious buds were also transformants. Transformation of the direct adventitious buds in the present experiment was clearly demonstrated by opine analysis and T-DNA hybridization.
In agropine-type Ri plasmid, two T-DNA regions (TL-DNA and TR-DNA) have been identified (Jouanin et al., 1987) . The TR-DNA contains genes involved in auxin and agropine synthesis (Huffmann et al., 1984; Willmitzer et al., 1982) and TL-DNA contains rol gene (White et al., 1985) .
However, only one T-DNA has been identified on the mannopine-type Ri plasmid (Combart et al., 1987) , and the T-DNA showed the absence of tms (auxin) genes and the presence of homologies with the rol loci of the TL-DNA (Sinkar et al., 1987) .
Studies on the mutations on the rol loci suggested that the TL-DNA is not only responsible for the aberrant phenotype of transformed plants but also is involved in cytokinin synthesis or in altering cytokinin metabolism in infected plants (Sinkar et al., 1988 
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